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Abstract

?Lanetary Gamma ray spect..--scopy can be used to chemically analyze
~h~ t~p soil from planets in future planetary missions. The
production from inelastic neutron interaction plays an effective
role in the determination on the C and H at the surface. The gamma
r3y :roductian cross section fr~m the scrcnqest lines excited in
:Fmer,el~trgnbombardment ef Fe ha~.~ebeen measured by the use Of a
:ime analyzed quasi-mona-enerqet ic neutron beam and a high purity
?ermanium detecccr. The results from En=6.5, 32, 43, and 65 B!@
qrq presented.
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Introduction
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?ajgr .5ifference, hcwever, 55 terrestrial applications ef prompt
acci”:atian mechcds 4,5 :hat complicates the analysis or data
reauctian is that a direct comparison to standards is not possible.
:Iosuch grcund standaras will be available, as no mission returning
samples from planets cr smaller planets are planned in the near
future. Hcwever, semi-empirical models af energy spectra and
fluxes of reacting secondary hadrons are available tha~ enable a
zmgh estimate of expected gamma-ray fluxes. While neutron Capture

cross-sections are reasonably well known, cross-sections for
inelastic scattering reactions leadinq to analytical usefl.lgaama
radiation are practically not known fcr major rock-forming
elements. For a straiqht forward data analysis of ganuna-ray
speccra from a planetary surface, neutron induced gamma-ray
~r~ss-sections have t~ be measured for neutron energies between 0.5
and 150 UeV for a variety of soil e~mponent elements. In our
experiments we have used a quasi-monoenerge~ic neutzon beam at
ene?qies of 6.5, ?2, 43 and 65 MeV to bombard major planet-forming
~~em~nts to measure khe prod’Jction cross section for their
qamma-rays siqnatur~. This and further research will allow
?arr!ma-rayspectroscopy ta be IJsed to measure relative and absolute
abundances of elements in a planetary surface.

Experimental Method
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‘:secf that enerdy profile and is double checked by intearatifig the
Orczan beam im-pinginq Tn the ‘Li target and using the 0°
~ifferential cross sectign for the ‘Li(p,n)”9en. The irradiated
targets were 927 cm from the neutrcn production target and the
cyclotrcn ‘~acuum extended t~ 38 cm frcm the gamma production
:ar~et, the rest of the beam pipe was filled with circulating
hel~um aas to minimize background from the air in the cave. The
gamma sp-ectrumwas detected in a High Purity Germanium spectrometer
and recorded event by event with time and energy parameters saved
for later analysis. The detector was FlaCed 40 cm frcm the gamma
target and 135 degrees from the neutron beam line. The detector
was in a lead ?uke lined with ccpper and cadmium sheets. The
neurr~n beam dump was 203 cm from the target and was 28 cm of water
:hick and surrounded by a combination of iron, lead arid concrete

:.4 cm, ~cm and 7S cm thick respectively. We time analyzed the
gamma-ray spectrum to qet a prompt section and a random section
which we subtracted frcm the prompt spectrum to obtain the gamma
rays that weze only produced by the high energy neutron peak. Fig.
Zb sh~ws the time spectrur.1frcm the HPGe detector for 43 14eV
neutrans. The intrinsic time resolution of the HPGe spectrometer
was determined to be around 12ns by using a ‘°Co source and a
!UaI(Tl)detector in coincidence with the HPGe detector. The energy
resolution for the gamma detector was 1.8 Kev at 1332 KeV and no
cleteri5rati5n was noticed at the end of the experiment. The
efficiency of the detector was determined with a NIST source using
the experiment’s gecmetry; corrections for gamma attenuating and
dead times were applied to the cross section calculations.

Rasults ●nd Discussions
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prcduced by the neutrcn beam with the cave surroundings and that
the Ge lines are produced by neutrons emitted by the target. The
Ge lines are prcminent in both the randon and prompt contributions
for the Fe target and cancel out. By comparing the spectrum from
the high energy peak (prompt) with the spectrum generated by the
tail (random) we see in both, the same lines with almost he same
intensity. This makes it essential to use a time-cz-flight
technique to sort the energy dependence of the gamma-ray
production. The situation is further complicated by the fact that
the tendency is for the cross seccion to UD up when the neUtrOn
energy goes down. By using quasi-monoenergetic neutrons, we
compensate the difference in cross secation by enhancing the gigh
energy neutrons and decreasing the yieid at the lower energies.

TMxxl

Gamma-ray production cross section frcm a thin iron target
bombarded by a quasi-monoenergetic neutran beam of energy 6.5,32,43
and 65 14eV. The cross sections were obtained by time analysing the
neutron beam and using only the contribution from the high ●nergy
peak of the neutron energy spectrum.

ENERGY REACTICN CROSS SECTION (Mb)
(Kc-J) 65.?4eV 43.MeV 32.w=’1 6.5?4ev

511.0 e’ Annih. 304.2 248. 332.
558.0 7g.4 84m9 35.3
003.5 2~’Pb[n,ny) lEI.5 12.7 35.3
946.9 “Fe(n,ny) 299.4 303.? 531.4 1800.0
958.2 “Fe(n,nFyl 17.4 24.3
931-3 ‘sFe(n,~ny) 49.4 73.4 77.8
?35.5 ‘SFe(n,nay) 22.4 17.9
1~:7.? ‘6Fe(n,ny) 37.5 13.3
ll~gmz “Al(n,npy) 38.0 75.3
!156.2 ‘“Fe(n,nFy) 3?.9 31.3
Q!--Jg S-pw ~q~~yA--- . 4.2 22.8
l~qL&&2.- ‘- 9.5 ?1.4 39.?
~z:~m: “F-(n,ny) ~~m; 55ml 9gm3 372.0
l~nl =.-.,... :].: 13.5
1216.; “’Fe(n,Zny) ~7B4 19.7 56.5
!333,1 “Fe(n,nay) 17-C 9.6 21.0
:4q@.4 “F~fn,ny) 43.4 149.= 157-2
:q>q.? “F~(n.Ray) :4.? lfJ.q 51.7
i?l9.- “V~(n,ny) 73.4 47.7 :3.2 122.C
:-11 =. ““’F-(c,nyl :q.4 13.7
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Table 1 summarizes the cross secticn for gamma-rays produced from
iron. In general, these crass sections decrease as the neutron
energy goes up cr they look fairly constant in the energy interval
we measured. The error bars in this experiment vary from 10 to
15%, depending on the statistics of the intensities for the peaks
in the prompt and random spectra. Fig. 4, shows the data from Oak
F.idge3for the 846 KeV and the !!31KeV peaks from the iron target
c~r-m threshold to 40 Hev as compared with this experiment. The
present experiment gives values that are higher than these that one
would extrapolate from Ref. 9. These discrepancies are not yet
‘Understood and are difficult to understand in light of the
agreement we observe for the 55Fe transition at 931 KeV. Although,
in this energy region Ref. 9 reports interference with the Linac
qamma-flash which could have increased the 931 KeV yields. The low
energy point at 6.5 t4eV shows very good agreement for the 5’Fe
transition at 847 KeV. gne could argue that they included the
carbon contribution in the absolute measurement cf the flux by
which they increased the neutron flux and therefore lower the
gamna-ray yields.

Fiq. .I.
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Conclusions

To remotely analyze the surface of the planets by means of nuclear
techniques one needs to know the gamma ray production cross
sections from neutron capture as well as for their inelastic
interaction with the soil elements. The ratio between the yields
from these two processes ((n,y)/(n,ny)) will also give information
cn the amount of moderating materials (H8C) present in the surface.
Although the capture cross sections are very well established the
neutrcn inelastic cross sections are not so firm. To reliably use
the ratio cf the gamma ray production by inelastic neutron
scattering to the one frcm the neutron capcure as a sound
radioanalytical cool, cne has to measure the inelastic production
cr~ss section with a time analyzed beam which will differentiate
the contribu~ions frcm different parts of the neutron beam.

We would like to thank Joel McCurdy and the CNL Cyclotro~l crew in
delil~ering the beam for these experiments. Many thanks to Walter
Kemmler and his mechanical shop staff for providing help in the
beam alignment and vaccum technical support. We also thank Dr. John
Young for his help in the runs and undergraduate students Dan
McLaughlin, Warna Hettiarachchi and Doug Gearhart for carrying the
attenuation measurements f~r the targets.
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